過高的分流在香港緊急撤離的分類中很常見 VFS Mok 莫鳳山, JKS Leung 梁啓城, CP Wong 黃志鵬, TW Wong 黃大偉, CC Lau 劉楚釗 Objective: To review the categorisation of patients who were transferred out from out-lying islands to urban hospitals utilising casualty evacuation (CASEVAC), and to search for possible patient characteristics which might have contributed to mis-categorisation during the 'non-flying' hours. Methods: The medical records of 459 patients, who were transferred out in the year 2009 were reviewed. Correctness of categorisation was determined by 2 independent assessors according to the CASEVAC guidelines. The rates of mis-categorisation between 'clinic hours' and 'AED hours', and that between the 'flying' and 'non-flying' hours, were compared. The patients' demographic data and their presenting symptoms were collected and analysed using logistic regression models to identify factors contributing to mis-categorisation. Results: The mis-categorisation rate was 60.1%. Among them, all were over-categorised. The over-categorisation rates between 'clinic hours' and 'AED hours', and between 'flying' and 'non-flying' hours, were not significantly different (p=0.07 and 0.09, respectively). Abnormal pulse rate was significantly associated with over-categorisation (p<0.01). Patients at extremes of age and psychiatric/ drunk patients were significantly less likely to be over-categorised (p<0.05 and p<0.01, respectively). There was 20% disagreement between the two assessors when applying the existing CASEVACs guidelines (kappa score 0.58 or 'moderate agreement'). Conclusions: Over-triage in CASEVAC categorisation is common irrespective of the time of day. Revision of the current CASEVAC guidelines is recommended. (Hong Kong j.emerg.med. 2013; 20:327-336 
Introduction
CASEVAC stands for casualty evacuation. This service is indicated for patients presenting to out-lying island clinics in Hong Kong who are considered unfit to travel by public transport to urban hospitals for further management. There are six out-lying island medical centres in Hong Kong, namely Peng Chau clinic, North Lamma Island clinic, Sok Ku Wan clinic, St John Hospital, Tai O clinic and Mui Wo clinic. Doctors are on duty by shifts 24 hours a day at St John Hospital, Tai O clinic and Mui Wo clinic. Among the rest, only Peng Chau clinic and North Lamma Island clinic operate 24 hours (hrs) daily. In these two clinics, medical doctors are on duty from 09 00 hrs to 16 59 hrs during weekdays (or 09 00 hrs to 12 59 hrs during Saturdays, excluding public holidays) (defined as "clinic hours" in our study). The nursing staff, on the other hand, is on duty 24 hrs daily by shifts. During 'clinic hours', patients are attended by the medical doctor on duty. If the patient needs to be referred out to urban hospitals on Hong Kong Island by CASEVAC, the CASEVAC categorisation will be decided by the clinic doctors, according to the CASEVAC guidelines (see Appendix). On the other hand, patients presented to the clinic outside 'clinic hours' are firstly attended by the nurses. Simple wound care and minor medical conditions may be handled by on-duty nurses, while proper medical consultations have to be carried out via a phone call to the accident and emergency department (AED) of Pamela Youde Nethersole Eastern Hospital (PYNEH). This period of time outside 'clinic hours' was defined as 'AED hours' in our study. The doctor who has taken up the phone call gathers information from the nurse, and directs the appropriate management. If referring out by CASEVAC is needed, the categorisation will then be decided by the AED doctor. In short, the primary difference between clinic doctors and AED doctors is that clinic doctors at Peng Chau and North Lamma clinics attend to patients in person, while AED doctors of PYNEH know the patients via the telephone call.
CASEVAC is carried out in two ways: (1) aeromedical transfer or (2) police launch, the latter carried out under particular conditions such as unfavourable weather for flights. Aeromedical transfer by helicopters is solely provided by the Government Flying Service (GFS). 1 The mode of transfer is by specially equipped helicopters. One important point to note is that the GFS only handles CASEVAC A+ and A cases during 22 00 hrs to 06 59 hrs. During this period, CASEVAC B cases are transferred out by police launch. This period was defined as 'nonflying hours' in our study.
A local study in 2000 reported the demographic characteristics as well as disease pattern of a cohort of 186 patients (over a 6-month period) who were transferred out to an urban hospital AED by helicopter. 2 The authors suggested that a substantial proportion of scene transfers might have been inappropriate, and guidelines such as helicopter dispatch criteria needed to be established. Over-triage or overcategorisation of CASEVACs will result in unnecessary helicopter flights that not only increase costs but also may create risks to the flight crew and the general public. This study is to review the CASEVAC cases from Peng Chau and North Lamma Island clinics during the year 2009 in Hong Kong. To the best of our knowledge, it is the first local review of CASEVAC mis-categorisation since the establishment of the GFS in 1993.
The aims of this study are threefolds. Firstly, the miscategorisation rates among clinic doctors and AED doctors were compared. Secondly, the mis-categorisation rates of AED doctors between 'non-flying hours' (22 00 hrs to 06 59 hrs) and the rest of the 'AED hours' were compared. Thirdly, we tr y to identify possible contributing factors to mis-categorisation (and hence unnecessary helicopter flights) in the 'non-flying hours' subgroup.
Methods

Study design and materials
It is a retrospective review of the CASEVAC cases from the two out-lying island clinics (North Lamma Island and Peng Chau clinics) in Hong Kong during the year 2009. The medical records were retrieved from the AED of PYNEH, with the assistance of an Advanced Practice Nurse, who was in charge of all these medical records. Every week, all the CASEVAC medical records from these two clinics were sent to the AED of PYNEH by facsimile, and kept in a safe place by the Advanced Practice Nurse. The clinical staffs of the two clinics and AED of PYNEH were unaware of this study.
'Clinic hours' vs 'AED hours'; 'flying hours' vs 'non-flying hours'
In our study, 'clinic hours' was defined as 09 00 hrs to 16 59 hrs during weekdays, and 09 00 to 12 59 during Saturdays, excluding public holidays. 'AED hours' was defined as 17 00 hrs to 08 59 hrs during weekdays, 13 00 to 08 59 during Saturdays, and the whole day for Sundays and public holidays. 'Non-flying hours' was a subgroup under 'AED hours', and was defined as the period from 22 00 hrs to 06 59 hrs of the next morning of everyday, where helicopter transfer is only carried out for CASEVAC A+ and A cases, but not for B cases. The rest of the time period under 'AED hours' was defined as the 'flying hours' subgroup, where helicopter transfer is carried out for all CASEVAC A+, A and B cases. A graphical presentation of the different time periods, their significance, as well as the GFS policy is shown in Figure. 
Sample inclusion and exclusion criteria
All phone consultations made from the two clinics to the AED of PYNEH during the 'AED hours', and Black period (i.e. 'Non-flying Hours'): Helicopter dispatched for A+ and A cases only, not for B cases. Overcategorisation of B (or below i.e. non-CASEVAC) cases during this period will result in unnecessary helicopter flights. Therefore, we studied the clinical predictors in this period only.
subsequently referred out to urban hospitals utilising CASEVAC, were included. All patients who were assessed at the two clinics by the medical officer on duty during the 'clinic hours', and were subsequently referred out to urban hospitals utilising CASEVAC, were also included. The following groups of patients were excluded: (1) patients who were referred out to urban hospitals not utilising CASEVAC (i.e. by ferry), (2) patients who were treated and discharged directly from the clinics, and (3) patients who refused further treatment and were discharged with acknowledgement of medical advice. For patients who were deceased before or on arrival, the current practice is to categorise it as an A+ case and transfer out to urban hospitals AED to be certified dead. In our sample, we did not have such cases.
Determination of mis-categorisation
Two assessors, a resident higher trainee in emergency medicine and an associate consultant, reviewed the CASEVAC cases. The categorisation written down on each medical record was covered up by non-transparent material by a third party before the review process. The two assessors then independently reviewed each of these medical records and then assigned the category according to the CASEVAC guidelines. 3 After having reviewed all the CASEVAC cases, any disagreements between these two assessors were resolved by discussion. A case was deemed mis-categorised if the reviewed categorisation was different from the categorisation written on the medical record. In addition, a miscategorised case could be either 'over-categorised' or 'under-categorised', if the reviewed categorisation was lower (less urgent) or higher (more urgent) than that written on the medical record, respectively. The degree of inter-rater agreement among the two assessors was calculated using the kappa statistics. 
Data collection and analysis
Mis-categorisation rate was calculated by dividing the number of mis-categorised cases by the total number of cases. The mis-categorisation rates between the 'clinic hours' and 'AED hours' groups were compared using the Chi-squared test. The mis-categorisation rates between the 'flying hours' and 'non-flying hours' subgroups were similarly compared. The aim was to investigate any association between attending hours and mis-categorisation. Normally, one would expect that mis-categorisation rate would be higher during the 'AED hours' because the AED physicians could not assess the patient directly. And to play safe a higher than necessary categorisation may be given. This also applies to the 'non-flying hours', when categorising a case as 'A' or even 'A+' (even inappropriately) would mean earlier transfer of the patient to urban hospitals for real-time assessment.
Moreover, in order to investigate any clinical factors that were associated with mis-categorisation and hence unnecessary helicopter flights, 15 clinical predictors (including the demographic data, vital signs and presenting symptoms of the patients) in the 'non-flying hours' subgroup were chosen as independent variables in logistic regression analysis. The presence or absence of presenting symptoms was taken as a binary outcome variable ('Yes' or 'No'). If any valuable was unrecordable (for instance, patient having no pulse or blood pressure in cardiac arrest), or not documented (as deemed irrelevant to the case at that time, for instance, 'vomiting' in a patient who complained of sprain of ankle), it would be considered negative. Miscategorisation was considered as the dependent variable. It was taken as a binary outcome variable ('Yes' or 'No'). The strength of association between each independent variable and the dependant variable was sequentially tested. The strength of each association wa s ex p r es s ed a s o d d s r a t io s ( O R ) wit h t h e corresponding 95% confidence interval (95% CI). Finally, a multiple logistic regression model, created by backward selection method based on the Akaike Information Criterion 5 (AIC) obtained at each iteration step, was produced to identify the important clinical predictors. The goodness-of-fit of this final model was checked by Hosmer-Lemeshow test. 6 All statistical analysis was performed using statistical software R, version 2.10.1. All tests were two-sided, and significant level was chosen as 0.05.
Results
From January to December 2009, a total of 459 patients (241 males, 218 females, mean age 57 years) were referred out by CASEVAC. The overall mis-categorisation rate is 60.1% (276 out of 459). Among the cohort, 81 of the 121 (66.9%) patients who attended during 'clinic hours', and 195 of the 338 (57.7%) patients who attended during 'AED hours', were mis-categorised ( Table 1 ). The chisquare test revealed that attending hours ('clinic' vs 'AED hours') and mis-categorisation were not statistically significantly associated (   2  1df =3.18; p=0.07). During the review of the mis-categorised cases, it was found that all (100%) of them were over-categorised, but none of them were under-categorised. Therefore, the term 'overcategorisation' instead of 'mis-categorisation' will be used from this point onward.
On the other hand, among the 338 patients who attended at the 'AED hours' and were referred out by CASEVAC, 108 of the 174 (62.1%) "non-flying hours" patients, and 87 of the 164 (52.1%) "flying hours" patients, were overcategorised ( Table 2 ). The association between attending hours ('flying' vs 'non-flying hours') and overcategorisation were not statistically significant ( 2 1df = 2.81; p=0.09). The data of the 'non-flying hours' subgroup was further analysed identify possible predictors of over-categorisation. Table 3 shows the baseline characteristics of this subgroup.
The strength of association between each of the chosen clinical predictors and over-categorisation is shown in Table 4 . Abnormal pulse rate and psychiatric/drunk patients showed a statistically significant association Table 5 . Three clinical predictors, extreme of age, abnormal pulse rate and psychiatric/drunk patients, were found to be significantly associated with inappropriate or overcategorisation. Patients with abnormal pulse rate were more likely to be over-categorised. Patients at the extremes of age, having psychiatric complaints or being drunk, were less likely to be over-categorised. Although 'abdominal pain' and 'dizziness' were included in the final model, whose creation was based on model's AIC, the strength of their association were not statistically significant. However, Hosmer and Lemeshow goodness-of-fit test confirmed the fitness of this final model.
The inter-rater agreement by kappa score calculation is shown in Table 6 . In 20% of the 459 cases, the two assessors disagreed with each other when determining over-categorisation, and resolved to discussion. Our kappa score was 0.58, and it corresponds to a moderate degree of agreement beyond chance. In Hong Kong, by convention and purpose of simplicity, the CASEVAC service has also included the MEDEVAC cases.
Our study found that a significant proportion (60.1%) of CASEVACs in Hong Kong during the year 2009 was over-categorised. The time of attendance of patients and the rate of over-categorisation were not statistically associated. One possible reason for such a high rate of over-categorisation could be the uncertainty of the urgency of the patient' s clinical condition. After all, AED doctors could only rely on objective vital signs and a short history given over the phone, without any clue from physical examination. Therefore, AED doctors tended to allow the patient to be transferred out 'as soon as possible' so that he/she could receive medical attention in a hospital setting. Given the limited resources at the clinics, and patient's potentially unstable clinical condition, the clinic doctors and nurses might also have a tendency to err on the side of safety and transfer the patients to the urban hospitals.
Our over-categorisation rate was higher than those reported in the literature. Locally, Wong et al and Suen et al investigated the appropriateness of primary trauma diversion (PTD) by ambulance crews of trauma patients in New Territories West Cluster and Central Kowloon Cluster respectively, the reported overall compliance rates to PTD criteria were surprisingly similar; i.e. 74.5% and 74% respectively. 10, 11 However, Wong et al reported a small over-diversion rate of 3.5% while Suen et al reported a high over-triage rate of 44.8%. The vast difference could be explained by different definitions of over-diversion being adopted in the two studies. Obviously, it would not be appropriate to simply compare the non-compliance rate or over-diversion rate reported by any of these 2 local studies with our over-categorisation rate because our patient population consisted of both the non-trauma and the trauma patients. Moreover, the PTD criteria are represented by a simple step-by-step protocol that allows easy following. On the other hand, the existing CASEVAC guidelines are less robust and only give general recommendations and practical examples, and hence interpretation by different doctors may vary (as shown by the 20% inter-rater disagreement in our study vs 2.1% as reported by Wong et al 10 ). Pizzola JL, in his article "MEDEVAC Miscategorisation", found that the over-categorisation rate was 49% over a 6-week period from end of December 2008 through January 2009, in Regional Command-South, during militar y missions of the North Atlantic Treaty Organization (NATO) forces in Afghanistan. 12 Giannakopoulos et al conducted a retrospective review of 605 helicopter mobile medical team dispatches in northwest Netherlands in the year 2006. 13 It was found that these dispatches were involved with high rates of over-triage (43.5% of these dispatches were cancelled eventually; and almost 26% of all dispatches were neither appropriate, nor met the dispatch criteria). All dispatch cancellations were justified and the undertriage rate observed was acceptable at 4%. The author suggested that a reduction in over-triage rate was possible without increasing the under-triage rate to non-acceptable levels.
So, what should be the bench mark for acceptable overtriage rate? Unfortunately, inappropriate categorisation in CASEVAC and MEDEVAC operations has only been sparsely researched hitherto. If we adopt the secondary trauma triage guidelines by the American College of Surgeons (ACS) as a benchmark, an overtriage rate of 50% may be unavoidable in order to limit the under-triage rate to 10%, so to capture as many at-risks patients as possible. 14 In our study, the overtriage rate was over 60% with no under-triage. Thus, we believe that this high rate of CASESVAC overcategorisation could and should be reduced.
Aeromedical transfer involves significant costs and risks. 15 In the year 2009, a total of 964 flying hours were involved in CASEVAC, which accounted for 25.4% of the total helicopter flying hours (3793 hours) of the year. The direct operating costs per hour flown for the two types of helicopters (AS-332 L2 Super Puma and EC155B1) were HK$28,030 and HK$19,330, respectively. 16 Therefore, a 15-minute transfer from an outlying island by the EC155B1 helicopter to the rooftop of PYNEH will already cost HK$4832.5, not to mention the flying cost from the point of deployment, and the costs related to the flying crew's salary, the maintenance of the helicopter and medical equipment, and insurance.
Bledsoe et al reported a steady and marked increase in the number of medical helicopter accidents in the United States during the 10-year period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . 17 Locally, the most serious GFS helicopter accident occurred on the night of 26th August 2003. An EC155B1 helicopter, on a CASEVAC mission to pick up a patient from St John's Hospital, crashed into a mountain terrain above Lantau Island 3 minutes after takeoff. Both the pilot and the air crewman were killed. 18 More recently, on 27th December 2010, a Super Puma Mark 2 helicopter of the GFS, while carrying on a hill-fire operation, suffered from an engine failure and made an emergency landing into a nearby reservoir. 19 It could have been more disastrous if were to happen above the densely populated urban area.
Ou r stu dy also exa mined p red ict or s o f overcategorisation during the more risky 'non-flying hours' where more than half (62.1%) of CASEVACs were over-categorised. In our logistic regression analysis, among the 'non-flying hours' subgroup, those having abnormal pulse rate were more likely to be overcategorised. On the other hand, patients at the extreme of age, having psychiatric complaints or being drunk were less likely to be over-categorised. Other abnormal vital signs and presenting symptoms did not show significant correlation with over-categorisation. In our study protocol, abnormal pulse rate was defined as pulse 100/min or 50/min. This was more 'lenient' compared to that suggested by the guidelines, where only patients with 'cardiac arrhythmia with pulse >140/min or <50/min and normal blood pressure' are categorised into CASEVAC A. However, we deemed that the limit of 140/min would have excluded a large proportion of patients who actually had significant tachycardia. And in real practice, tachycardia is usually taken as pulse 100/min. Hence during logistic regression analysis, the limit 100/min was set. As a result, a larger number of patients would be considered to have 'abnormal pulse' in our protocol, and contributed to this significant correlation. As for patients at extremes of age, it showed significant correlation in multiple logistic regression model, but not in simple logistic regression model. Age alone was not a parameter in the guidelines. We postulate that because these patients, particularly the elderly, are usually considered to have relatively less stable clinical condition. Therefore, they tended to fit into higher categorisations appropriately. For patients having psychiatric complaints or being drunk, or being emotionally unstable, they are definitely not indicated for helicopter transfer as they may endanger themselves, the aircrew, or even the pilot. Therefore, it was within our expectation that the AED doctors categorised these patients appropriately.
So, how can we reduce the over-categorisaton rate? Educational workshops could be helpful to improve understanding of the CASEVAC guidelines for doctors and nurses involved in the decision. The guidelines, though not exhaustive as stated per se, provide essential principles in categorising acute clinical conditions commonly encountered. However, though the CASEVAC guidelines are readily available, the staff may not be familiar with them. Jason L Pizzola studied the effects of a structured educational program implemented to the NATO forces stationed in southern Afghanistan. 12 The results showed statistically significant improvement in the over-categorisation rate. Printouts of the guidelines should also be readily accessible for reference (e.g. placed at the nursing station beside the telephone).
Regular audit meetings among staff of receiving AEDs and outlying island clinics may also improve the appropriateness of CASEVACs, as well as communication among various parties. In Hong Kong, each AED carries out its own regular audit on nurse triage appropriateness. Recently inter-AED auditing was also introduced in order to further enhance quality assurance. The Hospital Authority also conducts yearly audit on AED services in Hong Kong. Currently, there are no regular audit or feedback programs concerning CASEVAC categorisation. Therefore we believe that regular auditing (either internal, or by an external third party) on appropriateness of CASEVAC categorisation would be an effective way to ensure these precious resources are utilised in a suitable manner. Further studies into effectiveness of these measures in improving the over-categorisation rate would also be warranted.
How about the existing CASEVAC guidelines, should these be revised (the last revision date was in 2005)? Our kappa score for inter-rater agreement was 0.58, which corresponds to a moderate degree of agreement. This level of agreement, together with the relatively high rate of over-categorisation may actually indicate that the existing guidelines are quite user unfriendly and contain grey areas of uncertainty. The guidelines do not give explicit protocols, but only provide practical examples for reference. As a result, significant revision would also be warranted in future.
T h e r e a r e l i m it a t io n s o f o u r s t u d y. Fir s t ly, categorisation by the two medical doctors depended solely on the clinical records, which in turn depended on the completeness of documentation at that time. In our records, we found scarce 'missing' data due to incomplete documentation (6.23% in 'vomiting', 1.72% in 'dizziness', 0.57% in each of 'presence of chest pain', 'dyspnoea' and 'head injury') and the effect on the accuracy of our results was considered minimal. S ec o n d ly, t h e a g r ee d j u d g em en t o f t h e t w o assessors was used as the gold standard, since the guidelines only provide practical examples but not an exhaustive classification of patient complaints, or simple step by step protocols. There was still a certain rate (20%) of disagreement in the initial categorisation by the two assessors. Thirdly, our study only included one year of data. A longer study or more regular reviews should be carried out in the future to monitor the categorisation of CASEVAC cases.
Conclusion
Over-triage in CASEVAC categorisation is common, irrespective of time of patient attendance. Significant over-categorisation during 'non-flying' hours results in unnecessary helicopter flights and hence significant burden to the society as well as risks to general public. Revision of the current CASEVAC guidelines and better guideline adherence are recommended.
